Abstract. The equivalent resistance between the origin and any other lattice site, in an infinite facecentered-cubic network consisting of identical resistors, has been expressed rationally in terms of the known value fo(3; 0, 0, 0) and π. The asymptotic behavior is investigated, and some calculated values for the equivalent resistance are presented.
Introduction
It is well known that the theory of Green's function plays an important role in physics. It has been used, e.g.,i n statistical models of ferromagnetism such as Ising model [1] , Heisenberg model [2] , spherical model [3] , random walks and percolation theories [4, 5] , diffusion [6] , band structure [7] , and other branches in physics. In condensed matter the Lattice Green's Function (LGF) is widely applied and considered to be a basic function [8] . It appears especially when impure solids are studied [9] . The LGF for several lattices has been widely studied. One can see from the literature that most of the studies on lattice Green's functions are based on an elliptic-type integral approach. In the literature, generally, the formulas for the lattice Green's functions have been given in terms of elliptic-type integrals and related functions.
The LGF for Face-Centered Cubic (FCC) lattice was studied well by Iwata [10] . He expressed f o (3; 0, 0, 0) (i.e.,the LGF at the origin of a FCC lattice) in a compact form as a product of complete elliptic integrals of the first kind. Much effort has been focused on the value of that function at the origin, although we need also the values at various lattice sites in many problems. Inoue [11] showed that F (E; l, m, n)(i.e., the LGF at an arbitrary lattice site (l, m, n)inF CC lattice) with nearest neighbor interactions can be expressed in terms of linear combinations of products of complete elliptic integrals of the first and second kinds. In his work, he introduced many recurrence formulae. Morita [12] showed that F (E; l, m, n) can be calculated from the three known values at the lattice sites (0, 0, 0), (2, 0, 0), and (2, 2, 0), with the aid of the recurrence formula presented by Inoue [11] . In a previous work, Hijjawi et al. [13] presented an expression for F (E; l, m, n) in which it was evaluated analytically and numerically for a single impurity problem. The density of states, phase shift and scattering cross-section were expressed in terms of complete elliptic integrals of the first kind.
The calculation of the effective resistance in infinite networks of identical resistors is a classical problem in the circuit theory. It attracts the attention of many authors since Kirchhoff's [14] who formulated the study of electric networks more than 150 years ago. In addition, the electric circuit theory was discussed in details by Van der Pol and Bremmer [15] , where they derived the resistance between nearby points on the square lattice. Many methods have been used to study different infinite networks consisting of identical resistors such as the random walk method [16, 17] , the current distribution method [18, 19] , and, recently, an important method based on the LGF has been introduced by Cserti [20, 21] . Based on this method many studies have been carried out for many networks consisting of identical resistors [22] [23] [24] . More recently, one can see that this field is still of interest for many authors where many projects have been carried out by different authors [25] [26] [27] [28] . This paper is organized as follows: in sect. 2, a short revision is carried out on the origin of the problem (i.e.,a n infinite d-dimensional hypercube network consisting of identical resistors). In sect. 3, we apply the formalism to the FCC network. In sect. 4, results and conclusions are presented.
Hypercubic lattices
Consider an infinite d-dimensional lattice consisting of identical resistors each of resistance R. We assume that all lattice points in the infinite lattice are specified by the position vector
( 1) where 
Our aim is to find the equivalent resistance between the origin and any other lattice site r.T od ot h i s ,l e tt h e potential at the lattice site r ′ be defined as V ( r ′ ), and assume the current in the network defined as
According to Ohm's and Kirchhoff's laws we can write
where n are the vectors from the site r ′ to its nearest neighbors (i.e., n = ± a i ,i =1, 2,...,d). Using the so-called lattice Laplacian defined on the hypercubic lattice [19] as
one can rewrite eq. (3) as
From eqs. (2) and (5) we can write
To find the resistance we need to solve eq. (5), which is a Poisson-like equation and it may be solved using the LGF, so one may write (comparing with Poisson's equation)
Using eqs. (2) and (7) into eq. (6) we get
where 
Also, the LGF for a d-dimensional hypercube can be written as [8] 
3 Application: FCC network
Now we consider the infinite FCC network which consists of identical resistors each of resistance R.I nt h i sc a s et h e position vector r becomes r = l a 1 + m a 2 + n a 3 .
As a result, eq. (8) can be written as
where f 0 (3; 0, 0, 0) = F (3; 0, 0, 0) is the LGF of an infinite FCC lattice at the origin. The LGF for a FCC lattice is defined as
cos(lx)cos(my)cos(nz) E − cos x cos y − cos y cos z − cos x cos z dxdydz,
for E ≥ 3, and l + m + n even (F =0forl + m + n is odd) [29, 30] . In a recent work [29] , the value F (3; l, m, n) has been expressed rationally in terms of the known value f o (3; 0, 0, 0), and π as
Using eqs. (12) and (14) we can express the equivalent resistance as 
where k =sin
. Various values for r 1 , r 2 and r 3 can be obtained from table 2 of [29] . Below, we show some of these values in table 1.
The asymptotic case (i.e., the separation between the origin and the site (l, m, n)) goes to a large value or infinity. In this case the resistance goes to a finite value. To explain this point, we note that from the theory of Fourier series (Riemann's Lemma) that lim n→∞ b a Φ(x)cosnxdx → 0 for any integrable function Φ(x). Thus, f o (l, m, n) → 0 (corresponding to the boundary condition of Green's function at infinity), and, as a result, eq. (12) becomes
when any of l, m, n →∞.
We have calculated additional values for r 1 , r 2 and r 3 using the recurrence formulae for the LGF of the infinite FCC lattice [12] for the following lattice sites (6, 0, 0), (6, 2, 0), (6, 4, 0), (7, 1, 0), (7, 3, 0) and (8, 0, 0). 
Results and discussion
We have expressed the equivalent resistance between the origin and the lattice site (l, m, n) in an infinite FCC network consisting of identical resistors each of resistance R. The equivalent resistance is plotted against the lattice site, and as shown in the figures the resistance in an infinite FCC lattice is symmetric under the transformation (l, m, n) → (−l, −m, −n) which is expected due to the inversion symmetry of the lattice. Figure 1 shows the resistance in an infinite FCC lattice against the site (l, m, n) along the [100] direction. From this figure it is clear that the resistance is symmetric. Figure 2 shows the resistance in an infinite FCC lattice against the site (l, m, n) along the [111] direction. From this figure it is clear that the resistance is symmetric.
The above figures indicate that as the separation between the origin and the lattice site (l, m, n) increases, the equivalent resistance approaches a finite value (i.e., f o (3, 0, 0, 0) = 0.4482203944) as explained above. A similar result was obtained for the resistance in an infinite SC network [23] where, as the separation between the origin and any other lattice site, the equivalent resistance approaches a finite value (i.e., g o =0 .505462) which is the LGF at the origin in an infinite SC lattice, while the resistance in an infinite square network diverges for large separation between the two sites [22] .
